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The present invention relates to the treatment 
of-lignin or lignin substances, and more par- 
ticularly to an improved process of preparing 
guaiacyl compounds in high yields from gym- 
nosperm or softwood lignin. 
Many processes for degrading lignin or lignin 
substanceswith alkali or ,with alkali in combina- 
tion with other chemicals including oxidizing 
agents such as nitrobenzene as well as metallic 
oxides such as sflver, mercury, lead and copper 
oxides bave been repored by various investiga- 
tors in the art. An illustragive example employ- 
ing aqueous alkaline-alcoholic reaction mixtures 
is reported by Brauns et al. in Patent 2,417,346, 
dated Match 11, 1947. An illustrative example 
employing metallic oxides is round in Angewandte 
Chemie 53, 450 (1940) where Lautsch et al. with- 
out giving complete experimental details, report 
very low yields (3-5%) of vanillin by oxidation 
of "Cuproxam" or hydrochloric acid lignin with 
alkali in the presence of .lead, silver, mercury or 
copper oxide. Another illustrative example is 
round in J. Ara. Chem. Soc. 64, 1429 (1942) where 
Pearl reports increased yields of vanillin 
(10-20%) employing alkali and copper oxide or 
hydroxide. 
While the prior art degradation processes bave 
proved fairly satisfactory as far as they go, if bas 
been recognized for some rime that they did not 
go far enough in that they failed fo give the de- 
sired high yields of guaiacyl compounds. Up until 
the discoveries leading to the present invention, 
attempts to improve the yields by varying the re- 
action conditions such as rime and temperature 
as well as varying the amounts and types of re- 
actants, proved unsuccessful. In some cases with 
increased temperatures or amounts of oxidizing 
agents, for example, the degraded products were 
found not fo be of the desired guaiacyl type. In 
other cases with increased temperatures or 
amounts of oxidizing agents, some additional 
lignin degradation of the desired type took place, 
but as this was accompanied by a relatively high 
degradation oï the degraded products themselves 
including the guaiacyl compounds, the over-all 
yields of desired compounds were found to have 
been decreased rather than increasëd. Attempts 
to increase yields oï the guaiacyl compounds were 
aise ïound to result in the ïormation of relatively 
largeam0unts oï tarry material, the presence oï 
which in turn was found to materially complicate 
the isolation and purification of the guaiacyl com- 
pounds. 
The principal object of the present invention is 
t povid . commercially pracçicl process of 
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preparing guaiacyl compounds in high yields from 
gymnosperm lignin or gymnosperm lignin sub- 
stances. 
Another object of the present invention is fo 
 provide a process oï preparing guaiacyl com- 
pounds in a substantially tar-ïree reaction mix- 
ture from which the guaiacyl compounds may be 
readily isolatd and purified. 
Other objects of the present invention will be 
i0 apparent as the description proceeds hereinafter. 
Aïter a detailed research investigation, I have 
discovered that exceptionally high yields oï the 
desired guaiacyl comRounds may be readfly ob- 
tained in a substantially tar-ïree reaction mix- 
IG tuïe by digesting a gymnosperm lignin substance 
in an aqueous reaction raixture with cupric oxide 
in the presence oï excess alkali metal hydroxide 
and under pressure within a temperature range 
of 140-200 ° C. providing the molecular ratio of 
20 cupric oxide to unit molecular weight of lignin 
is 7.1:1 to 24:1. While the complete structure of 
lignin is as yet unknown, investigations have 
demonstrated that it is ruade up of units of 
methoxylated benzene rings with a unit of gym- 
2 nosperm or softwood lignin having one methoxyl 
group or 14.5 per cent methoxyl and a unit molec- 
ular weight of about 214. The unit molecular 
weight is determined by multiplying 100 by 31 
(the molecular weight of one CI-IO group) and 
30 dividing by 14.5the percentage of methoxyl in 
gymnosperm lignins. 
With the above ratios of 7.1:1 to 24:1, about 
570-1900 parts by weight of cupric oxide should 
be used with 214 parts by weight of gymnosperm 
35 lignin. Investigations show the preferred mole 
ratio of cupric oxide to gymnosperm lignin to be 
about 9.5:1 to 16.OE:1 or about OE60 to 1330 parts 
by weight of cupric oxide to 214 parts by weight 
of gymnosperm lignin with a 13:1 ratio or 1050 
40 parts by weight of cupric oxide to 214 parts by 
weight of gymnosperm lignin and temperatures 
of 160-180 ° C. giving the highest yields of desired 
guaiacyl c0mpounds. Gymnosperm lignin may 
be obtained from coniïerous woods such as pine, 
45 spruce, hemlock, tir or other softwoods or from 
lignin-contalning material derived from such 
woods as for example waste pulping liquors and 
the like. 
The process of the present invention may be 
50 used with hardwood lignins, L e. angiosperm 
lignin obtained frein deciduous trees, providing 
the molecular ratio of cupric oxide fo unit molec- 
ular weight of lignin is also 7.1:1 to 24:1. I-Iard « 
wood lignins contain approximately 20 per cent 
55 methoxyl in contrast to the 14.5 per cent mgth- 
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6xyl oï soïtwood lignins, and in addition yield with an 8 per cent aqueous sodium bicarbonaè 
syringyl compounds as well as guaiacyl com- solution and finally with a 5 per cent aqueous 
pounds. As a unit oï hardwood rignin contains sodium hydroxide solution in accordance with the 
three methoxyl groups and two aromatic nuclei, process described in my prior Patent No. 2,431,419 
the unit molecular weight (or equivalent welght S dated November 25, 1947 
in this case) is obtained by multiplying 

93 
100 by -- 
(the molecular weigrit of one and onê-rialï-CI-IO 10 
groups per aromatic nucleus) and dividing 
20the percentage of methoxyl in. riardwood: 
rignins. This gives hardwood lignin  unit 
lecular weight of 232, and based on the above 
ratios, abou 570-1900 parts by weigh of cupric 
oxidi æhould be used with 232 parts by weight o 
hardwood lignin. I-Iardwood lignin may be oh 
tained from deciduous trees such as poplar, oak, 
beech and otrier riardwoods or from ligin-con- 
taining material derived ïrom such woods. Trie 20 
process of trie priiint invention may also be 
employed witri other angiosperm lignins-of the 
type ïound in herbaceous species such as bamboo, 
rye straw, corn cobs, etc. These lignins like the 
hardwood lignins obtained from deciduous trees 
contain syringyl groups. 
In determining trie amount oï lignin in lignin 
material, e. g. lignosulfonate material, trie pre- 
ferred method used is described by Freudenberg, 
Lautsch and Eî]gler in Berichte der Deutschen 
Chemischen Gesellschaft, vol. 73B, page 169 
(1940). In this method the methoxyl content 
of the material is determined and the liinin value 
is calculated from the percent methoxyl in pure 
lignin of the type tested, e. g. 14.5 per cent for 
gymnosperm or softwood lignin. For purposis of 
the present invention gymnosperm rignin is as- 
sumed fo bave 14.5 per cent methoxyl and a unit 
molecular weight of 214. 
The following examples Will serve to illustrate 
the present invention. 
Example I 
About 240 grams oï basic calcium lignosulïon- 
are containing about 144 grams (0.67 mole), of 45 
gymnosperm lignin derived form.spruce wood, is 
first placed with 460 grains (11.2 moles) of sodium. 
hydroxide, 862 grains (8.8 moles), of hydrated 
cupric oxide and about 5 .liters of water in an 
autoclave equipped with a stirrer. The auto- 
clave is then closed, stirring stred and heating 
begun. The temperature of tle mixture israised- 
fo about 180 ° C. during one hour,, maintained 
about 180 ° C. for an additi0nal l0ur and then 
allowed to cool with stirring. The autoclave is 55 
opened and the clear liquor is siphoned from 
cuprous oxide sludge. The sludge is filtered and 
washed with water until free from solulë lignin 
material. The liquor, filtrate and washings.which 
are substantially free ïrom tarry maerials are_ 60 
then combined.. 
The solution obtained as described above and 
which contains the desired guaiacyl, compounds 
in addition fo other degraded lignin poductsma:¢ 
be worked up in various ways, one of, trie preférred 65 
being as ïollows. The solution, wriich is still 
kaline due to trie excess alkali in the original re- 
action mixture, is acidified with sulïuric acid and 
extracted in a continuous extractor with etrier. 
Trie ether extract wriich contains, thé désired 70 
guaiacyl compounds in about a 55 peur cent yiell 
based on the lignin, is then ïractionated, into the 
sodium bisulfite, sodium bicarbonate and-Sodium 
hydroxide soluble ïractinsbyèxtraction with 
21 percenç aqueous sodium bisulfitesolution, then 

Example lI 
About 2800 grams of substantlally sugar-free 
fermënted sùlfite wate liquor containing about 
72 grams (0.34 mole) of gymnosperm lignin de- 
rived from spruce wood is first placed with 115 
grains. (2.8 mles) oï sodium riydroxide and 314 
grams (3.2 moles) of riydrated copper oxide in an 
autoclave equippedwith a stirrer, The autoclave 
isthen closed, stirring started and heating begun. 
Tle  temperature o the mixture is raised fo 
170 ° C. during one hour/maintained ai about 
170 ç C. ïor about five hours and then allowed 
fo cool with stirring. The autoclave is opened 
and the clear liquor is siphoned ïrom the 
lrous oxide sludge. The sludge is filtered ad 
washed with water until free from soluble, lgnin 
material. The riquor, filtratê and washings are 
then combined. 
The resulting solution is treated as. descrflsed 
in Example I except- that the solution is acidi- 
fied with hydrochloric acid and extracted with 
benzene. Trie benzene extract containing-the 
desired guaiacyl compounds in about, a-51. pe 
cent yield based on the.-lignin, is then worked. 
as described in Example L 
The digestion of the.lignin shou]d be carried: 
out as. mentioned above in a closed contaner,, 
l.e. under pressure, withn the temperature 
range of 140-200 ° C. and preïerably between. 
about 160-180 ° C: The rime for the reaction. 
go to completion varies, with the temperature, 
the.lower temperatures requiring_ longer cooling 
periods, e. g. 5-6 hours» and the higher temper-. 
atures requiring shorter cooking periods, e. g. 
1-2 hours. The optimum cook for any. Particu- 
lar temperature and. reaction mixture-ma be 
readily ascertained by preliminary experimentt: . 
test. 
The use of a Cupric oxide to gymnosperm ligr 
nin mole ratio of at. least 7.1:1. has been-fotmd 
necessary in order to obtain the desired high. 
yields of guaiacyl compounds. The use_ of. less- 
cupric oxide such- as in ratios of 5:1 or. 6:1,. for. 
example materially reduces the yield, of guaiacl. 
compounds, and attempts to force the. degrada 
tion 0f the lignin in. such reacti0n mixtures bY 
use oï higher temperatures as well as-with other. 
reagents has proven unsuccessful: as weli as. tò: 
result in the formation of. large amounts of un- 
wanted tarry materials. The use o greatèr 
amolnts of cupric oxide than required for the 
cpric oxide to gymnosperm lignin mole rati 
of.24:1 does hot provide any additional.beneficiaL 
results and has been round lmpracticaï: 
The guaiacyl compounds produced by trie pes, 
ent invèntion are madè up of. metrioxy,. 
substituted ben¢.ene ring compounds and coin_- 
prise for the most part: (a) vanfllin (3"=methoxy-. 
4-1ïydroxy-benzaldehyde) ,. (b). 5-carb0xyvanillin,. 
(c) anillic acid (3-metrioxy-4riydrOXF-]ei0i. 
acid).,. (d) 5-carb0xyvanillic aCid,. (e) guaitCol. 
(0meth0xy-phen01), (]) acet0vanill0ne 
cylmethyl ketone), (g) bisdehydro tanfllirï aiid 
() biSderiydro vanillic ácid. Triey are .all.Soi  
ublé in organic solvents and. may be readily. 
covered fom the aqueous reaction mixture after 
acidification by extraction with water 
orgsnic solvents such s etherandbenzene: " The 
bis Compounds or dehydro divaniIiin-anddiWtn  



flllc cld parte on stndin in,  oi ethèr ex - 
tract andma be  rely recovered  this mn-. 
n s- csHine Solids. : C'omun ()  d 
(B) Io with  littleof compound (d):re.re- 
moved by the sodi bulfi extrct,, compound 
(c) . nd most of compound (d) re removed by 
the sodi bicarbonate extrct nd compounds 
(«) nd (D ae removed. bY the soum hydrox- 
ide extrct.:The Vn my bÇ recoçed bY 
cidifn the sodi 
in e cified extrct with ether remov! of 
the ether nd sublimation dr the residue. The 
cids my be recovered by ciy the soum 
bicarbona extract, extracting the acidifi6 ex- 
tzaot with ether., esterifg, the àcids 
sting mixture vith a .tower aliphatic alcohol 
and fractiongï tfllati0n of thë reulting esters. 
Tè guaiacol  nd. acevallone: my  b¢ :e- 
covered by acidfication of the soum hydroxide 
xract; extracting the acified extract withben- 
zene, follow by fractional disGllationan d 
stallization. Alteatively-ghe original alkale 
reaction mixture may.be extracted with butanol 
and the butanol extract back washed with dflute 
alkali to obtain an aaline soluGon containg 
crude vanfllin. Acidification of th solution 
with sulfur dioxide and filtering gives a vall 
soluGon which may be decomposed with sfuc 
acid and extracted with beene. ter removal 
of the solvent the val may be recovered and 
pured by distillation or recrystallization or 
both. Various other mea may be employed fo 
fractionate and isolate the guaiacyl compounds 
present in the reaction mixre or war irons- 
cible solvent extract thereof, and it will be under- 
stood at the procedures described above are for 
illustrative pposes only. 
Yields of the desired guaiacyl compounds 
prepared by the process of the present ven- 
tion run from about 45 to over 58 per cent, based 
on the lign employed. e per cent valHn 
present in the guaiacyl compods varies from 
about 40  over 60 per cent depenng upon 
the amount of alkali metal hydroxide employed. 
e e of large amounts of alkali such as em- 
ployed  Example I where the sodi hydrox- 
ide  lign ratio is 16.:1 creases the per- 
centage of vanillin present in the guaiacyl com- 
pounds, while the use of relatively small amots 
of alkali such as employed in Example II where 
the ratio of sodium hydroxide  lign is 8.3:1 
creases the percentage of the bdehydro coin - 
pounds present in the guaiacyl compounds. 
ile the amounts o alkali employed may thus 
be varied dendg on the guaiacyl compound 
or compounds desired, sucient aali metal hy- 
droxide such as soum hydroxide or potassium 
hyoxide or xtures of the saine should be 
used so that the alkali is present in excess over 
and above that necessary to maintain the 
action mixture at pli 14 throughout the reac- 
tion. As the reaction mixture is relatively clean 
and the water flnmcible solvent extract  sub- 
stantially free from tar and like materials, o- 
lation and purification of the desed guaiacyl 
compoun therefrom may be readily accom- 
plhed in high yields. 
y mnosperm lignin substance may be ad- 
vantageously employed  the preparation of the 
guaiacyl compounds aS hereinbefore dclosed. 
Exples are gymnosperm filin remaing 
after the holo-cellulose content of the woed has 
been subjected fo saccharification; the gno- 
sperm lin containg waste from acid or al- 
kaline ppig processes, and gnospe n 

containing soft0od: or woody - rnaterial: in th 
form of.sawdust-and the lile. It.is desirable, 
h0wever,. that the gnos Hin or lig- 
containg material be substantially free from 
5 cellulose and sugars,, and it  for thé. report 
that ceHulosefree lign,wte marial  ref- 
erably used :and .when i .wast lg liq- 
uors:as in Examle H, thatit. refe.to 
liqu0rSin whichtheood sugars have been 
1O moved:bY fermCtatiÙn: Iredients .such as 
the sugars do hot doharm to.the desired:reac - 
io themselves, but as they use up the copper 
oxïde: reagent,: more reagent. mus :be .ed: ff.: the 
lignin material is contaminated with sugars:.or 
1 the like -  . ............... : :  
- The present invention provides:the:rt wit a 
commercially pactical Drocess :for/preDr.ing 
guaiyl comunds-in gh yiel:. :.:far as 
own, guaiyl compo such as..:5-c.arboxy- 
20 vanfll, 5-carboxyvanfllic acid, bdeho.va . 
nillic, acide, and bisdehydro .vaniln bave never 
been DreDared hereore by. the: oxidation of 
lign with coDDer oxide, and-in:the ase of the 
las three compods, by any oxidation of:lin. 
25 whaoever. e cuDric oxide ed in the Drocess 
o e present invention is readfly recovered ater 
recovery o the guaiacyl oempounds rom the 
action mixte, by roasting the cuDro ode 
sludge  air. 
30 I claire: 
1. The process of reparing guaiacyl com- 
pounds in high elds from a gnoserm lin 
substance which comprises gesting the n 
substance in an aqueous reacion mixture der 
35 pressure wihin a temeraure range of abou 
160-180  C. in the resence of cuc ode and 
an excess of alkali meal hydroxide, the molec- 
ular raio of cupric ode o u molecular 
weigh of lignin being abou 9.5:1 fo 6.7:1. 
40 2. The rocess of prearing guaiacyl com- 
pounds in high elds rom a gymnoserm lin 
substance which comprises gesting he lin 
substance in an aqueous reacion mixture under 
pressure wihin a temeraure rae of about 
5 160-180  C. in the resence of cupric oxide and 
an excess of soum hydrode, he molecular 
" raio of curic ode o uni molecular eigh 
of liin being abou 13:1. 
3. e rocess of preparing guaiacyl com- 
50 ounds in high elds from a gymnosperm lin 
substance which comprises digesing basic calci- 
um gnosulfonae derived from softwood in an 
aqueous reacon mixture under ressure within 
a emperaure range of abou 160-180  C. in the 
55 resence of cupric oxide and an excess of soum 
hyoxide, he molecular raio of curlc oxide 
o it molecular weigh of gnosperm lin 
in he tignosulfonate being abou 9.5:1 to 16.: 1. 
4. e rocess of reparing guaiacyl com- 
60 poun in high elds from a subsanially sugar- 
free gnosperm lign-conaining se wase 
liquor which comprises gesing he se wase 
liquor in an aqueous reacion xture under res- 
se wihin a merature range of about 160- 
65 180  C. in the resence of curic oxide and an 
cess of sodium hyoxide, the molecul raio 
of cupric oxide fo the uni molecular weigh of 
gnoserm gn in the sulfite wase liquor 
70 being abou 9.5:1 o 16.7:1. 
5. The process of preparing 5-carboxal- 
lic acid and 5-carboxallin which comprises 
digesing a gymnosperm lign substance in an 
aqueous reaction xure under ressure witn 
 a temerature range of about 140-200  C, in the 



lësenbeç0f OUlric:oxicle and rl..êcès «.f isodltlm 
hy.d»oxile, the. moluir rao of :cuc  
toçut molular :eght of gnosrm 
being about ï9:5:1 :to 16.7 :.1, acidify e e- 
action::mix,-etacting the cied ea¢tion 
mtxtOe with:. wter isCble solenteleced 
fromï,oup=ti-ng of :ether :and ne, 
extracng idwar msciblesolent .extact 
fist.ïoeih »¢queous ïso :bisDte :stion 
d .condhan :aqueous: Sodium ;.bicarbonate 
souton»and :»£heeafr xecwing 
nln and çS«boxy-ac acd :fom 
soum :bulpte nd -om ::bicabçne 
6. The pmcess of preparing 
esdigesting a «gnosm «n :.substanoe 
in naqueous :eaction mlxtureder press 
thn a:.empetur:range.,of bout 
in hepoenoe .OE .cupric odead an. exce: 0f 
Sodum::hyode, themoleculartio _0f 
ode n:sodium hode £o..the nt mlecular 
eight of:-oe .fi g about 
o ::  :OE .and: about .3z :1, respectely,  ac - 

t, ng :the :»rectlon mixture, extrct!ng the 
eer. :extract :to .reciptate .si.d bisdehyo 
comD«un. d emovi aid Drecipiatd 
do con ::m ,said ,.ether exract, 
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